Abstract. Chloroplasts have been isolated from bermudagrass (Cynodon dactylon L.) leaves and assayed for photophosphorylation and electron transport activity. These chloroplasts actively synthesize adenosine triphosphate during cyclic eleotron flow with phenazine methosulfate and noncyclic electron flow concurrent with the reduction of such Hill oxidants as nicotinamide adenosine dinucleotide phosphate, cytochrome c, and ferricyanide. Apparent Km values for the cofactors of photophosphorylation have been determined to be 5 X 105 M for phosphate and 2.5 X 10-5 M for adenosine diphosphate. The influence of light intensity on photophosphorylation has been studied and the molar ratio of cyclic to noncyclic phosphorylation calculated. It is concluded that the high photosynthetic capacity of bermudagrass leaves probably could be supported by the photophosphorylation capacities indicated in these chloroplast studies and the anomalous lack of data in chloroplast studies on the production of sufficient reductant for CO, assimilation at high light intensities has been noted.
Adequate evidence has been presented indicating that some species of plants photo-assimilate atmospheric carbon dioxide at higher rates than others ( 10, 38, 39) . Species with a high photosynthetic capacity include Cynodon dactylon L., Amaranthus edulis, Saccharum officinarurn, Zea inays, and Paspalum notatum (10, 15, 20, 25, 38) . Leaves of these species have CO, uptake rates in the range of 50 to 70 mg dm-2hr'1. Other plants, particularly from temperate climates are about one-half as efficient under comparable physiological conditions (10,. 25, 38, 39) . This difference is illustrated by the general photosynthesis response of these 2 groups of plants to increasing light intensity in F ig. 1. Studies from numerous laboratories have converged in comparing these 2 groups of plants. From these studies the following general observations appear to be valid for plants with a high photosynthetic capacity: a low '(0.0005 % or less) CO, compensation concentration (12, 17) ; a lack of photorespiration (12, 17) ; no enhancement of photosynthesis by lowering the external 02 concentration (11) ; high optimum temperature for photosynthesis in the range of 25 to 40' (15, 33, 38, 39) ; and possibly a major pathway for photosynthetic CO, fixation (21, 22, 23, 24, 28) other than the reductive pentose phosphate cycle (7) . In contrast, the species with a low photosynthetic capacity, which in.clude many 
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CO., fixatioin appears to be via the reductive pentose phosphate cyclte (7) . In addition to these dissimilarities between groups of species Nwith varied photosynthetic capacity other workers have reported differences in anatomy of the vascular bundle sheath cells (12, 30) , arrangement of mesophvll cells (12. 30) , and chloroplast structure (40) .
Since photosynthetic CO., fixation requires ATP and a reduicing substance such as NADPH or reduced ferredoxin and researclh on the syinthesis of these substances by chloroplasts has been confined almost exclusively to 2 Final concentration 2 X 10-6 M, chosen to give only partial inhibition of cyclic photophosphorylation. 3 Final concentration 10-6 M. Fronm these experiments there did not appear to be anything strikingly unusual abotut the activity of chloroplasts from bermudagrass when compared to other plant chloroplasts such as spinach. \Ve then decided to examine the effect of light intensity on photophosphorylation in comparison with spinach and pokeweed (Fig. 4A, B, and C) . The most striking response of bermudagrass chloroplasts occurred at low light intensities, 1200 ft-c or less. At all intensities studied cyclic photophosphorvlation activity, was higher than noncyclic in bermudagrass chloroplasts. Indeed the sigmoid shaped curve of photophosphorvlation with spinach (42) and pokeweed ( Fig. 2A, B) was not as evident with bermudagrass, Fig. 4C . The molar ratio of cyclic to noncyclic ATP in Fig. 4A , B and C is plotted together with data at higher intensities in Fig. 4D ; again indicating that cyclic photophosphorylation in bermudagrass is quite active.
Discussion
In those species with a hiigh photosynthetic capacity the nmaximum rate of photosynthesis occurs at higher light intensities than in those species with a loN photosynthetic capacitv. In Fig. 1, bermuda The relationship between the species, however, will remain essentially the same. The experiment conditions employed in Fig. 1 and described Wlhen the photosynthetic response of bermudagrass leaves to increasing light intensitN (Fig. 1) is considered in relation to the electron transport and ATP sy-nthesis systems which have been studied in isolated chloroplasts of such plants as spinach it is clear that only cy%clic photophosphorvlation with PMS (2,4, Fig. 4A , B, and C) continues to increase with intensity of illumination. In spinach chloroplasts the rate of NADP+ (42), trichloroindophenol (4) , and vitamin K3 (2), reduction reach a plateau at 1000 to 2000 ft-c as well as the synthesis of ATP concurrent with the reduction of Hill oxidants such as NADP' and spinach ferredoxin (16, 42) . CO, fixation by isolated chloroplasts also reaclhes a plateau at comparable intensities (26, 42) . Bermtidagrass phosphorylation (Fig. 4C ) responds in similar fashion and the reduction of Hill oxidants (unpublished data) is similar. Thus the synthesis of ATP during cyclic electron flow observed in isolated chloroplasts could theoretically support the CO. fixation of intact leaves of plants with high photosyntlhetic capacity at higher light intensities, but the production of sufficient amounts of a reductant for CO., fixation cannot be explained from any available data. The authors recognize that the absolute rates of reduction of most Hill oxidants with isolated chloroplasts often are as high as CO., fixation in intact leaves. But these Hill reaction assays usually are sutpplemented with saturatiing concentrations of all components and invariably saturate at low light intensities, 1 to 2000 ft-c, which contrasts sharply with the light intensity response curve for bermudagrass leaves, Fig. 1 . If one caIn legitimately add photosynthesis to photorespiration inl plants with a low photosynthetic capacity, it also is difficult to explain the production of stufficient CO., reductant in these plants at high light intensities. Of course there also is some doubt that the ini vitro chloroplast studies on cyclic photophos,phorylation in the presence of the nonphysiological substance PMAS can be extrapolated to intact leaves.
The affinity of bermudagrass chloroplasts for P1 seems to be highler than other plant clhloroplasts. An apparent Pi Kmn of 5 X 10-5 M for bermudagrass is at least 10-fold lower than the range of 4 X 10' to 2 X 10' M reported for spinach and swiss-chard (3, 4, 5) . In addition, the rate of bermudagrass phosphorvlation wvas saturated at about 2 X 10-3 M whereas spinach and swviss chard chloroplasts are difficult to saturate with Pi (3, 4) . Bermudagrass for spinach (6, 37 (14) . This could account for the low CO2 compensation concentration and the apparent lack of photorespiration. However, it is pertinent to this point to note that Goldsworthy found the same Km for CO2 during photosynthesis with maize, sugarcane, and tobacco (18) . There are reports that plants with high photosynthetic capacity lack glycolate oxidase (35) , hence glycolate oxidation and the associated CO2 production may not occur.
Considering the theoretical stoichiometries given above for COO fixation, indicating the high use of ATP in plants with high photosynthetic capacity, our data on the affinity of bermudagrass chloroplasts for Pi and ADP and the molar ratio of cyclic to noncvclic ATP, support the possibility that these plants may be capable of producing more ATP than low photosynthetic capacity plants.
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